Objective To develop new methods for estimating the sputum smear-positive tuberculosis case detection rate (CDR) in a country where infection with HIV is prevalent. Methods We estimated the smear-positive tuberculosis CDR in HIV-negative and HIV-positive adults, and in all adults in Kenya. Data on time trends in tuberculosis case notification rates and on HIV infection prevalence in adults and in tuberculosis patients were used, along with data on tuberculosis control programme performance. Findings In 2006, the estimated smear-positive tuberculosis CDR in HIV-negative adults was 79% (95% confidence interval, CI: 64-94) and in HIV-positive adults, 57% (95% CI: 26-88), giving a weighted mean of 68% (95% CI: 49-87). The separate estimate for all smear-positive tuberculosis cases was 72% (95% CI: 53-91), giving an overall average for the three estimates of 70% (95% CI: 58-82). As the tuberculosis CDR in 1996 was 57% (95% CI: 47-67), the estimated increase by 2006 was 13 percentage points (95% CI: 6-20), or 23%. This increase was accompanied by a more than doubling of the resources devoted to tuberculosis control in Kenya, including facilities and staff. Conclusion Using three approaches to estimate the tuberculosis CDR in a country where HIV infection is prevalent, we showed that expansion of the tuberculosis control programme in Kenya led to an increase of 23% in the CDR between 1996 and 2006. While the methods developed here can be applied in other countries with a high prevalence of HIV infection, they rely on precise data on trends in such prevalence in the general population and among tuberculosis patients.
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New methods for estimating the tuberculosis case detection rate in high-HIV prevalence countries: the example of Kenya 
‫املقالة.‬ ‫لهذه‬ ‫الكامل‬ ‫النص‬ ‫نهاية‬ ‫يف‬ ‫الخالصة‬ ‫لهذه‬ ‫العربية‬ ‫الرتجمة‬

Introduction
The tuberculosis (TB) case detection rate (CDR) is the ratio of the number of notified TB cases to the number of incident TB cases in a given year. One key target for TB control programmes worldwide is achieving a sputum smear-positive CDR greater than 70%. 1 In Kenya, previous estimates indicate a drop in the TB CDR from 57% in 1996 to 43% in 2005. 2 However, the 2005 estimate is questionable for several reasons. First, the 1996 estimate was based on the combination of limited available data and expert opinion.
3 Second, this estimate was then projected forward in time by assuming that the incidence of TB had changed in proportion to the notification rate for all forms of TB, 2 an assumption that becomes increasingly questionable and unreliable over time. The observed notification rate divided by the projected incident cases was then used to derive the 2005 CDR. Better methods of estimating the CDR are needed. The problem lies with the denominator of the ratio because it is difficult to measure the incidence of TB disease directly. Most countries rely on indirect methods such as: (i) applying the Stýblo ratio to data derived from surveys of the prevalence of infection, (ii) using registry data to estimate the proportion of TB deaths that are also recorded in TB registers, or (iii) measuring disease prevalence and dividing it by an estimate of disease duration. 2, 4 However, none of these methods provides a precise incidence estimate.
In all of southern and most of eastern Africa, including Kenya, the epidemic of infection with HIV has led to a more than 10-fold increase in the incidence of TB since the epidemic started in the early 1980s, making it difficult to determine how much of any rise in TB case notifications is due to improved case detection rather than the impact of HIV. However, we can use the known impact of HIV infection on the incidence of TB to our advantage provided we have good data on TB and HIV infection and on their interaction. The objective of this paper is to report on three new methods for estimating the CDR for smear-positive TB using data on HIV infection in both adults in general and TB patients. We focus on Kenya, where significant progress has been made in TB control over the last 10 years and almost all TB patients are now tested for HIV.
Between 1990 and 2006, the notification rate for all forms of TB in Kenya increased from 50 to 300 per 100 000 population 3 ( Fig. 1) , a rise that reflects both the impact of the HIV epidemic 2 as well as improvements in the CDR. The challenge lies in separating changes in TB notification rate due to an increased CDR from those generated by the impact of HIV infection.
Methods
We used three methods to estimate the CDR. First, we used the time trend in the notification rate of smear-positive TB among HIV-negative adults to estimate the increase in the CDR for smear-positive TB among these HIV-negative adults. Second, we used the probability that an HIV-positive individual would develop smear-positive TB to estimate the CDR
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for smear-positive TB in HIV-positive adults. Third, we used an estimate of the year after which the HIV epidemic would no longer drive up the incidence of TB to calculate the increase in the CDR for smear-positive TB in all adults. The data and assumptions used in these three methods are described below.
Trend data
The trend in the prevalence of HIV infection in Kenyan adults 5 between 1990 and 2004 is shown in Fig. 2 7 survey data to correct for sampling biases. In that survey, the prevalence of HIV was reported for an unspecified mix of smear-positive, smear-negative and extrapulmonary TB patients in each district for all case types combined. However, for all districts combined, the prevalence was reported for each case type. Smear-positive patients were deliberately oversampled. We therefore proceeded as follows (full details available from the corresponding author on request): We started with the prevalence of HIV infection in TB patients for all case types in each district and, from the survey data, 7 calculated the odds ratio (OR) for HIV infection in smear-positive TB patients compared with all TB patients, which was found to be 0.82 (95% confidence interval, CI: 0.68−0.98). We used this OR to estimate the prevalence of HIV in smear-positive TB patients in each district. We then interpolated the estimates for 1994 and 2006 to estimate the prevalence of HIV in TB patients in each district in 1996, under the assumption that it increased logistically at the same rate as the TB notification rate shown in Fig. 1 . We then calculated the average value, with its confidence limits, of the log of the OR for HIV infection among TB patients for 1996 and 2006, which we applied to national data. This gave an estimated OR of 0.44 (95% CI: 0.30-58) and a prevalence estimate of 0.30 (95% CI: 0.23-0.37) for HIV infection among TB patients. The fitted curve is the combination of an exponential curve, which was used to fit the initial decline in the notification rate before 1990, and a logistic curve, which was used to fit the subsequent rise. The parameters for the exponential curve are: a notification rate in 1980 of 67.4 per 100 000 and a rate of decline of 6.5% per year. For the logistic curve, they are: a rate of increase of 0.379 per year and an asymptote of 320 per 100 000. Half the asymptotic value was reached in year 1998.
Data on time trends in the TB notification rate, the prevalence of HIV in TB patients in 2006, and the numbers of health facilities, diagnostic facilities, suspected TB patients examined and staff involved in the TB control programme were obtained from the national programme.
Assumptions
We made three sets of assumptions concerning, respectively: (i) TB transmission from HIV-positive to HIV-negative individuals, (ii) the annual risk that an HIV-positive individual would develop TB disease, and (iii) the time course of the impact of HIV on the incidence of TB disease.
First, there is evidence that people with TB are less infectious to others and are more likely to die or seek treatment if they are also infected with HIV. [8] [9] [10] We let the risk of TB in an HIV-positive individual be a times the risk in an HIV-negative individual, the infectiousness of an HIV-positive individual be b times that of an HIV-negative individual, the duration of TB disease in an HIV-positive individual be r times the duration in an HIV-negative individual, and the prevalence of HIV in the adult population be p. Then, in the presence of HIV infection, transmission of TB will increase by a factor R, where
From Equation 1, it can be seen that transmission will remain constant as the prevalence of HIV increases provided abr = 1 and that HIV infection may increase or decrease the transmission of TB depending on whether or not the combination abr is greater than or less than 1. It has been found that b is close to but slightly less than 1. Also, a systematic review gave a value of a = 10 (95% CI: 5−22), 12 and a study carried out among smear-positive gold miners in South Africa 8 gave a value of r = 0.15 (95% CI: 0.00−0.73). Using these values, R = 1.5 (95% CI: 0.3−8.7). Although R is close to 1, the data are not sufficiently precise to determine whether HIV infection will increase or decrease the incidence of TB disease. However, there is direct evidence that in some settings the HIV epidemic did not increase the risk of TB infection in HIV-negative individuals. In a seminal study of gold miners lasting 9 years, 9 the incidence of TB in HIV-negative men remained constant, while the incidence of TB in HIV-positive men increased TB, tuberculosis. The smooth line is the logistic curve that was fitted to data up to the year 2000. It was assumed that the increase in the notification rate before 2000 was due to a rise in HIV-related tuberculosis and that the curve reached an asymptote in that year. Increases after 2000 were assumed to be due to a rise in the case detection rate.
by five times, 9 suggesting that R must be close to 1. Here, our first assumption is that the HIV epidemic increased the incidence of TB disease but not TB transmission.
The second assumption concerns the lifetime risk that an HIV-positive individual will develop TB. If, as above, we let the prevalence of HIV in adults be p and the annual risk that an HIVpositive individual will develop TB be p, then the incidence of TB in HIV-positive individuals will be pp. Now, if the proportion of HIV-positive TB patients who are smear-positive is s, then the incidence of smear-positive TB in HIV-positive individuals will be pps. Finally, if the smearpositive case notification rate among those with HIV is n per year, then the smear-positive CDR among HIV-positive individuals will be (2) The parameter with the greatest uncertainty is p, the annual risk that an HIVpositive individual will develop TB. In published papers, p has been reported to be between 5% and 15% per annum, [13] [14] [15] [16] [17] but no paper has provided strong supporting evidence for its estimate of p. Furthermore, the value of p is likely to increase as an HIV epidemic matures and the proportion of HIV-positive individuals whose immune system is severely compromised increases. In the study of gold miners in South Africa referred to above, 9 the incidence of TB in HIV-positive men increased from 2% to 10% per annum between 1991 and 2000 as the HIV epidemic matured. One systematic review assessed the risk of TB disease by allowing for a nonlinear relationship between the risk of disease and the time from seroconversion. 12, [18] [19] [20] [21] [22] [23] [24] [25] [26] Averaged over the lifetime of HIV-positive individuals, the incidence of TB was estimated to be 5.0% (95% CI: 2.5−10) per annum, 12 which is the value we used for the annual incidence of TB among HIV-positive individuals never treated with antiretrovirals.
The third assumption is that the incidence of TB peaked in 2001, 4 years after the estimated peak in HIV infection prevalence. The mean value of the reported median CD4 cell counts at which HIV-positive individuals develop TB is 200 cells/ml, 12, 27 with some variation among studies. This occurs, on average, about 8 years after seroconversion so that, at the population level, there is likely to be a delay of about 8 years between the rise in the incidence of HIV and the rise in the incidence of TB. Since the prevalence of HIV infection peaks about 4 years after the incidence of HIV, 28 the delay between the peak prevalence of HIV infection and the peak incidence in TB is likely to be about 4 years. 29 The prevalence of HIV infection in Kenya peaked in 1997 (Fig. 2) , so we would expect any increase in the incidence of TB disease due to HIV to have peaked by 2000. Here we assume, conservatively, that the impact of HIV on TB remained constant after the year 2000. We therefore fitted a logistic curve to the data up to 2000, which reflected the increase in HIV-related TB, and used this curve to predict the expected notification rate, in the absence of changes in the CDR, beyond the year 2000 (Fig. 3 ).
An estimate of the 1997 smearpositive TB CDR in Kenya African Region, and was extrapolated to 1996.
2 The smear-positive TB incidence in preceding and subsequent years was then calculated on the assumption that the smear-positive TB incidence was proportional to a 3-year moving average of the notification rate for all forms of TB. On this basis, the smear-positive TB CDR for 1996 was found to be 57%, 2 and, to allow for uncertainties in making the original estimate, we assumed an error in this estimate of ±10%.
Results
HIV-negative individuals
In 1996, the smear-positive TB notification rate in Kenya was 61 per 100 000 population 2 and in 2006, it was 124 per 100 000, according to TB control programme data. In 1996, the estimated prevalence of HIV in smear-positive TB patients was 30% (95% CI: 23-37) and, in 2006, the measured prevalence was 52% (95% CI: 51.5-52.5). The annual smear-positive TB notification rate in HIV-negative individuals therefore increased from 42.5 per 100 000 in 1996 to 59. 
HIV-positive individuals
In Kenya in 2006, 52% of TB patients were HIV-positive, giving a smear-positive TB notification rate in HIV-positive individuals, n, of 60 per 100 000, and the prevalence of HIV in adults in the general population, p, was 0.07 (95% CI: 0.06-0.08) (Fig. 2) . We assumed that the proportion of HIV-positive TB cases that were smear-positive, s, was 0.30 (95% CI: 0.25-0.35). 30 Assuming that the annual risk that an HIVpositive individual will develop TB, p, is 0.05 (95% CI: 0.025−0.10), as derived above, Equation 2 gives 57% (95% CI: 26-88) as the smear-positive TB CDR in HIV-positive individuals.
All adults
In the final method, we attribute the increase in TB notifications before 2000 to the effect of HIV, and the increase af- 
Discussion
Over the last 6 years, there has been a significant increase in the TB diagnostic effort in Kenya. Between 2000 and 2006, the number of TB diagnostic facilities increased by 122% (Fig. 4) , the number of health facilities providing TB treatment increased by 58% (Fig. 5 ) and the number of suspected TB patients examined increased by 470% (Fig. 7) , while the staff involved more than doubled, with 83% of the increase occurring at the district level (Fig. 6 ). It would have been surprising if this increase in diagnostic effort, facilities and staff had not led to an increase in the TB CDR.
Here we estimated the TB CDR in three different ways. The first estimate of 79% (95% CI: 64-94) for the smearpositive TB CDR in HIV-negative individuals may be an overestimate because it assumes that the HIV epidemic had no impact on the incidence of TB among those who were HIVnegative. Furthermore, while we now have precise data for the prevalence of HIV in TB patients, this was not the case in 1996 and the confidence limits are correspondingly wide. The second estimate of 57% (95% CI: 26-88) for the smear-positive TB CDR in HIVpositive individuals is lower, but not significantly lower, than the estimate for HIV-negative individuals. In this case, the main source of uncertainty lay in the annual risk that an HIVpositive individual would develop TB. The weighted average of these first two estimates gives an overall estimate for the TB CDR in all patients of 68% (95% CI: 49-87). The third estimate of 72% (95% CI: 53-91) for the smear-positive TB CDR in all adults lies between the other two. This estimate assumes that all increases in the CDR took place after the year 2000, at a time when the incidence of TB may have been falling. This could have led to an underestimate of the overall increase in the CDR. The weighted average of the three estimates of the TB CDR is 70% (95% CI: 58-82). While there is considerable uncertainty surrounding the CDR estimate for 1996, with two of the methods used here we first estimated the increase in the CDR between 1996 and 2006. The estimated increase in the CDR in HIV-negative In seven of the 22 countries with a high burden of TB, the prevalence of HIV infection is greater than 10%, while in another four countries it is between 5% and 10%. Of these countries, only Kenya has reported TB notifications classified by HIV status, although surveys of the prevalence of HIV infection have been carried out in four more. 31 Fortunately, the importance of routinely reporting the prevalence of HIV infection in TB patients is increasingly being recognized, and much better data should become available over the next few years. By monitoring the notification rate in HIV-negative TB patients it will be possible to better monitor trends in the CDR in many more countries.
It is important to acknowledge that the uncertainty in all these estimates arises not only from our imprecise knowledge of the prevalence of HIV infection in all adults and, historically, in TB patients, but also from our still relatively poor understanding of the dynamics of the relationship between HIV infection and TB disease. As noted above, the smear-positive TB CDR in Kenya in 1996 was estimated by a panel of experts, including regional advisers and WHO staff in the WHO African Region, 2 so it is uncertain as well.
Conclusion
The Millennium Development Goals 32 (MDGs) highlight the need for improved measurement of health indicators, including TB-specific MDG indicators such as incidence, prevalence, mortality, success with DOTS (directly observed treatment, short course), and case detection with DOTS. Most TB occurs in countries with weak routine communicable disease surveillance systems, and progress towards case detection targets relies on uncertain estimates of the incidence of TB disease. The substantial impact of HIV on the incidence of TB disease and the effect of rapidly expanding TB control programmes on case notification must be evaluated carefully to reduce the uncertainty surrounding estimates of incidence and, thus, of the CDR. This analysis suggests that the TB CDR in Kenya increased from 57% (95% CI: 47-67) in 1996 to 70% (95% CI: 58-82) in 2006, an increase of 23% or 13 percentage points (95% CI: [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Thus, Kenya has probably reached, or is very close to reaching, the 70% target set for 2005. If the quality of the TB programme can be maintained and the prevalence of HIV infection among adults continues to drop, TB transmission in Kenya is likely to decline in the years ahead, and this should be reflected in the notification rates for cases of HIV-negative smear-positive TB. National surveillance of HIV in adults and TB patients has been weak in all countries, but the situation has begun to change in some. Fortunately, testing for HIV is rapidly becoming routine practice in Kenya. In 2006, 564 000 women attending antenatal clinics (representing approximately 40% of live births) were tested for HIV and, by the end of 2006, approximately 60% of all TB patients had been tested for HIV. If these high rates of testing can be maintained or even increased, it will be possible to directly measure trends in HIV infection in the general population and in TB patients. Applying the methods developed here to more accurate data will make it possible to obtain significantly improved estimates of TB control programme performance in settings where the prevalence of HIV infection is high. ■
Acknowledgements
We thank the Gates Foundation for its financial support. 
Resumen
Nuevos métodos para estimar la tasa de detección de casos de tuberculosis en los países con alta prevalencia de VIH: el ejemplo de Kenya
Objetivo Desarrollar nuevos métodos para estimar la tasa de detección de casos (TDC) de tuberculosis con frotis de esputo positivo en un país con alta prevalencia de infección por VIH. Métodos Estimamos la TDC de tuberculosis bacilífera en adultos VIH-negativos y VIH-positivos, así como en todos los adultos de Kenya. Se utilizaron datos sobre las tendencias temporales de las tasas de notificación de casos de tuberculosis y sobre la prevalencia de la infección por VIH en los adultos y en los pacientes con tuberculosis, junto con datos sobre la eficacia del programa de lucha antituberculosa. Resultados En 2006, la TDC estimada de tuberculosis bacilífera fue del 79% (intervalo de confianza, IC, del 95%: 64-94) para los adultos VIH-negativos, y del 57% para los VIH-positivos, (IC95%: 26-88), lo que arroja una media ponderada del 68% (IC95%: 49-87). La estimación correspondiente a todos los casos bacilíferos de tuberculosis fue del 72% (IC95%: 53-91), lo que arroja una media global para las tres estimaciones del 70% (IC95%: 58-82). Dado que la TDC de tuberculosis en 1996 fue del 57% (IC95%: 47-67), el aumento estimado para 2006 es de 13 puntos porcentuales (IC95%: 6-20), lo que supone un incremento del 23%. Este aumento se asoció a una más que duplicación de los recursos dedicados al control de la tuberculosis en Kenya, incluidos trabajadores e instalaciones. Conclusión Estimando de tres formas distintas la TDC en un país con alta prevalencia de infección por VIH, mostramos que la expansión del programa de lucha antituberculosa en Kenya condujo a un aumento del 23% de la TDC entre 1996 y 2006. Aunque pueden aplicarse en otros países con alta prevalencia de VIH, los métodos aquí desarrollados exigen datos precisos sobre las tendencias de esa prevalencia en la población general y entre los enfermos de tuberculosis.
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